1. Introduction
===============

There is an estimated 244.5 million (23.2%) Chinese adults aged ≥18 years who have hypertension, with another 41.3% (estimated 435.3 million) having pre-hypertension based on Chinese guidelines.^\[[@R1]\]^ Among individuals with hypertension, 46.9% were aware of their condition, 40.7% were taking prescribed antihypertensive medications, and 15.3% had controlled hypertension.^\[[@R1]\]^ The prevalence of hypertension in China based on the 2017 ACC/AHA guidelines was twice as high as that based on 2010 Chinese guideline (46.4%),^\[[@R1]\]^ with a prevalence rate increasing by about 10% from 2002 to 2010.^\[[@R2]--[@R4]\]^ However, about 15% of hypertension patients in China successfully controlled their blood pressure, which is defined as an average systolic blood pressure (SBP) \< 140 mm Hg and an average diastolic blood pressure (DBP) \< 90 mm Hg,^\[[@R1]\]^ which is lower than in high-income countries (37%--65%).^\[[@R5],[@R6]\]^

Doctors and nurses are equally key players in hypertension management.^\[[@R7]--[@R9]\]^ A meta-analysis done by Carter et al.^\[[@R10]\]^ showed a 4.8 mm Hg reduction in SBP in hypertensive patients who were following a nurse-led healthcare management. However, the latter has been questioned about its efficacy,^\[[@R11],[@R12]\]^ calling for further evaluation.

Hypertension management at the community level in China is a recent development. Recent studies about the latter had laid a preliminary platform with positive results that needed to be further explored.^\[[@R13],[@R14]\]^

Randomized controlled trials (RCT) of community-based hypertension interventions^\[[@R15]--[@R17]\]^ had been conducted but, due to poor experimental designs and lack of standard operational protocols, they were not reliable results to be considered. Therefore, additional studies were required to reinforce the trend observed, given that most studies about hypertension management in community health centers focused more on doctors than on nurses as leaders empowering the community.^\[[@R15],[@R16]\]^

This study aimed to test the importance of a nurse-led hypertension management model compared to usual care in community health centers. Efficacy was assessed by analyzing changes in blood pressure and patient reported self-care behaviors, self-efficacy, and satisfaction between groups.

2. Methods
==========

2.1. Ethical consideration
--------------------------

Prior to the recruitment, written informed consent was obtained from each participant. Ethical approval was obtained from our institution\'s Ethical Board Committee.

2.2. Design
-----------

### 2.2.1. Setting and Sample

The study was a 2-group parallel block RCT with a single-blind design. The calculation of the study sample size was based on a change in SBP. We assumed that α = 0.05 and power = 0.8. The calculated sample size was 96. The study was conducted during January and April 2018 in a community health center in Heibei, China.

Participants were randomly allocated into the study group (nurse-led hypertension management model) or the control (usual care) group at a ratio of 1:1. As shown in Table [1](#T1){ref-type="table"}, the 2 groups had equivalent socio-demographic and clinical features.

###### 

Socio-demographic and clinical characteristics of participants in study and control groups.

![](medi-99-e20967-g001)

### 2.2.2. Inclusion criteria

Participants with a diagnosis of hypertension; with uncontrolled BP (SBP ≥140 mm Hg and/or DBP ≥90 mm Hg at the last 2 clinic visits and at recruitment);≥18 years old; within the service network of the community health center.

### 2.2.3. Exclusion criteria

Participants who had a diagnosis of secondary hypertension; took medicine that could increase BP; could not communicate or be contacted by phone; had a diagnosis of terminal illness; had co-morbidity in contradiction with the programmed intervention; were pregnant, breastfeeding or planning pregnancy.

Of 687 patients assessed for eligibility, only 156 satisfied the inclusion and exclusion criteria. A total of 31 (19.9%) participants dropped out of the study (Fig. [1](#F1){ref-type="fig"}). 318 patients did not meet the inclusion criteria while 84 declined their participation. The remaining 129 patients who were not included in the study were those who satisfied the inclusion criteria but followed treatment at other health care facilities. By using intention-to-treat analysis, those who dropped out were also included in data analysis.

![Flow diagram of selection criteria as per CONSORT Guidelines, including enrolment, allocation, follow-up and analysis.](medi-99-e20967-g002){#F1}

The nurse-led hypertension management model was developed from the Chronic Care Model^\[[@R18],[@R19]\]^ and the 4-C Model (comprehensiveness, collaboration, coordination and continuity).^\[[@R20],[@R21]\]^ The nurse-led hypertension management model has adopted 4 components in the Chronic Care Model,^\[[@R18],[@R19]\]^ which is delivery system design, decision support, clinical information system and self-management.

A 36-h pre-intervention training program was conducted in this study to enhance the nurses' decision-making.^\[[@R22]\]^ The training contents included knowledge and skills for nurse-led hypertension management.

Self-management refers to the self-care behaviors, such as salt intake control, regular engagement in physical activities, home blood pressure monitoring management, and medicine storage, were also included. To emphasize the importance of self-management, a mutually agreed goal and self-care behavioral contract were made after sufficient negotiation.

The trained nurse assisted the patients to understand the importance of self-management, encouraging them to discuss health conditions, plan mutual goals and help patients how to achieve their set goal and perform self-monitoring, by providing and explaining to them relevant information and resources for self-management through illustrated, simple educational booklets.^\[[@R4],[@R22]\]^ During the home visit, the trained nurse would arrange for the general practitioner (a member of the research team) to visit community health center if the patient met the referral criteria.

2.3. Intervention
-----------------

The intervention in the study was protocol-dependent. The protocol involved home visits, telephone follow-ups and referrals. Previous studies,^\[[@R4],[@R22],[@R24]\]^ the national guidelines for hypertension management^\[[@R25]\]^ and expert consultation were referenced in the protocol development.

Trained nurse, guided by the Omaha System,^\[[@R23]\]^ conducted a 60-minutes home visit to patients within 3 days after recruitment. The patient\'s knowledge and behavior were assessed, as well as the status of their identified health problems. Based on the results, the trained nurses performed relevant interventions that included teaching/guidance/counseling in lifestyle modification changes, treatment and procedures such as timing and dosage adjustment as well as drug interactions and physical activity, and case management.^\[[@R23]\]^

Suggested non-pharmacological behaviors, including smoking cessation, alcohol restriction, salt restriction, regular physical activity, and home blood pressure monitoring were evaluated for the last 4 weeks. Self-efficacy was measured using the Chinese version of the Short-Form Chronic Disease Self-Efficacy Scale,^\[[@R26]\]^ which included a rating of the patient\'s confidence in general disease and symptom management. The scale for each item ranged from 1 (not at all confident) to 10 (totally confident).

When the patient reported uncontrolled blood pressure, a trained nurse would assess his adherence, and/or any current illnesses or living circumstances that may affect his blood pressure. If home blood pressure monitoring was consistent with guidance, it was suggested that the patient have a face-to-face interview with a trained nurse in a community health center. If the patient had symptoms that required medication adjustments or a further health check (SBP ≥180 mm Hg or DBP ≥110 mm Hg), referral to the general practitioner was needed, and relevant information included blood pressure, a self-report and, if necessary, a medication list, pharmacy refill information, and medication adjustments.

After the home visit, follow-up via telephone calls was conducted biweekly by a trained nurse. During the follow-up, the trained nurse monitored the previous health problems and current condition of patients, as well as modifications in their knowledge, behavior, and status. The previously signed self-care behavioral contract was also reviewed, and further modification was discussed. Thereafter, it was recommended by the trained nurse that the patient should participate in a face-to-face follow-up in a community health center, and if the patient met the referral criteria, a referral would be initiated. Each follow-up call of 10 minutes duration on average, was conducted strictly according to the procedure, and was recorded and saved.

Each participant in the Control Group received a free annual health check, health education leaflets, and a follow-up with pharmacological treatment. The follow-ups were arranged by general practitioners if necessary.

2.4. Outcome and measurement
----------------------------

Outcome measures included blood pressure, self-care behaviors, self-efficacy and satisfaction.

2.5. Data collection
--------------------

Two time points were set to collect patients' data: T~0~ indicated after recruitment, T~1~ indicated immediately after the intervention (12 weeks post-recruitment) and T~2~ indicated 4 weeks after the intervention (16 weeks post-recruitment). Satisfaction measurement was performed at T~0~ and T~1~, and the others were conducted at T~0~, T~1~ and T~2~.

Blood pressure was measured twice using the same calibrated sphygmomanometer and stethoscope, and measurement strictly followed assessment guidelines,^\[[@R25]\]^ with the mean value recorded. Self-care behavior was defined as the patients' adherence to anti-hypertensive drugs (scores ranged from 0 to 3) and suggested non-pharmacological behaviors (scores ranged from 0 to 8).

The adherence form was adopted in previous studies conducted in China.^\[[@R4],[@R20],[@R22]\]^ A higher score meant better adherence. The assessment of adherence to anti-hypertensive drugs depended on time, frequency, and dose.

2.6. Data analysis
------------------

The study was a 2-group parallel block RCT with a single-blind design. The calculation of the study sample size was based on a change in SBP. We assumed that α = 0.05 and power = 0.8. The effect size was 0.59, obtained from Chiu and Wong\'s study,^\[[@R24]\]^ which involved intervention strategies similar to those in the current study. The calculated sample size was 96. A total of 130 participants would allow for a 20% dropout rate. Chi-square test was used for categorical variables, while the unpaired *t*-test was used for continuous variables. The unpaired *t*-test was also used to analyze outcomes of the 2 groups. Repeated measures ANOVA was carried out to evaluate the outcome over time, and 1-way repeated measures ANOVA was performed if the difference was significant. For further analysis of the within-group differences at different time points, a Bonferroni post-hoc test was performed.^\[[@R27]\]^ The Mann-Whitney test was used to determine the difference between the 2 groups at each time point in self-care behavior and satisfaction. The Friedman test was used to examine self-care behavior modification over time in each group. Data was analyzed using the SPSS Statistics Version 20.0 (IBM Corp. Armonk, NY). When a significant difference was detected, the Wilcoxon signed-ranks and post hoc tests were further performed. *P* \< .05 was considered as statistically significant.

3. Results
==========

Table [1](#T1){ref-type="table"} showed the bio-data and demographics of both study and control populations, Both groups had similar socio-demographic and clinical features.

3.1. Blood pressure
-------------------

Our results showed that both systolic and DBP decreased significantly in patients of the study group with a mean decrease of 15.03 ± 23.75 mm Hg (*P* = .032) in systolic and 8.54 ± 8.86 mmHg (*P* = .026) in DBP. Both the systolic and DBP in both groups decreased significantly with time (*P* \< .05). (Table [2](#T2){ref-type="table"}).

###### 

The mean reduction of blood pressure in 2 groups over time.
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Therefore, both the nurse-led hypertension management model and usual care had positive effects on blood pressure reduction, which was more significant at T~1~ in the study group, compared to the control group. In addition, a sustained effect in blood pressure reduction was shown in the study group.

3.2. Self-care behaviors
------------------------

As shown in Table [3](#T3){ref-type="table"}, no significant difference was found in the score for adherence to anti-hypertensive drugs between the 2 groups at T~0~, T~1~, and T~2~. The median score for adherence to non-pharmacological suggestions was significantly higher in the study group than in the control group at T~1~ (*P* = .000) and T~2~ (*P* = .049).

###### 

Comparison analyses of median score of self-care behavior between 2 groups at 3 time points.
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3.3. Self-efficacy
------------------

At T~0~, there were significant differences in self-efficacy between the study and control groups, which were measured at 5.94 and 6.71 respectively (*P* = . 015). Thus, they were used as covariates in the statistical testing. Two-way repeated measures ANOVA were performed. There was no significant difference between the 2 groups in interaction effect (time × group), between-group effect or time effect.

3.4. Patient satisfaction
-------------------------

In the study group, there was a median value increase from 4 to 29 (*P* = .000), while in the control group, it increased from 0 to 7 (*P* = .000). A remarkably higher satisfaction value was seen in the study group than in the control group at T~1~ (*P* = .000).

4. Discussion
=============

World Health Organization^\[[@R28]\]^ advocated the implementation of non-communicable disease intervention via a primary healthcare approach, community-based interventions were affordable and sustainable way to manage hypertension in Japan^\[[@R29]\]^ and Canada.^\[[@R30]\]^

In the present study, both systolic and DBP were significantly reduced in the study group compared with those in the control group same. Patients of the study group showed a mean decrease of 15.03 ± 23.75 mm Hg (*P* = .032) in systolic and 8.54 ± 8.86 mm Hg (*P* = .026) in DBP respectively. The same has been previously demonstrated by Chiu and Wong^\[[@R24]\]^ and Ma et al^\[[@R17]\]^ after a six-month intervention.

A reduction of SBP by 5 mm Hg or of DBP by 2 mm Hg is usually considered as clinically significant.^\[[@R31]\]^ Our data showed that the number of participants in the study group with more than 5 mm Hg reduction in SBP at T~1,~ was much higher than in the control group. (Table [3](#T3){ref-type="table"})

Among participants, satisfaction was higher in the study group than the control group as reflected by other studies.^\[[@R32]--[@R34]\]^ Keleher et al^\[[@R8]\]^ and Laurant et al^\[[@R9]\]^ both reported that patients with chronic diseases had a higher level of satisfaction with nurse-led care than with doctor-led care in the primary care setting.^\[[@R24]\]^ This satisfaction may be linked to trained nurses who comprehensively assessed the health condition of patients, conducting home visits to facilitate care, with follow-ups via phone calls. Nurses interacted with general practitioners and managed health resources to such degree that neither time was wasted nor treatment plans were overlapped. Increased interaction, timely management and non-wastage of equipments in the nurse-led intervention model may have been factors associated with satisfaction.

The self-care behaviour of patients is enhanced in this study with a sustained effect throughout. Self-efficacy showed a significant difference between the 2 groups, but no significant difference in interaction effect (time × group), between-group effect or time effect. The latter may be related to the participants' lower level of education in this study with 67% of participants with less than tertiary level, which correlates with previous study.^\[[@R32]\]^ self-efficacy can also be due a long history of hypertension, with mean duration of 12 years, with poor hypertension control prior to joining the study.

Current study adds to the growing evidence that informed, prepared and motivated patients are key players in the control of their own blood pressure. The model established in the study provides an efficient approach for managing a large volume of hypertensive patients in a community-level setting in which there is a shortage of doctors, where the well-trained nursing staff can emphasize on health promotion and patient-empowerment. In the nurse-led hypertension management model, the training program provided a structured curriculum enabling nurses to enhance their decision-making abilities, thus expanding the nurse\'s current traditional dependent role in hypertension management, by enabling more independent roles, such as assessment and counseling. A longer interaction by the nurses at 16 weeks will be beneficial to keep following-up the patients and ensure compliance and lifestyle modifications.

The limitations of the present study were that this intervention was tested in a single community health center, which restrained the ability to generalize results. The community health center was in an urban setting; it is unknown if responses would be similar among rural adults who may have lower levels of education. ^\[[@R32]\]^ This study was single-blinded, but health care providers may not have been blinded to the intervention strategies which may have lessened the effect of the intervention.

To assess secondary parameters such as self-care, self-efficacy and patient satisfaction, the author proposed that study targeting newly diagnosed hypertensive be conducted.

5. Conclusion
=============

Empowering the nurses to manage hypertension at the community level is feasible with the possibility of good positive outcome to the patients. This current study contributes to the ascending trend of nurse-led program for hypertension management but also provides the platform for more studies to be continued in both the rural and urban settings.
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